A reverse transcription-PCR (RT-PCR) assay was developed and compared with enzyme immunoassay (EIA) and virus isolation for detecting LaCrosse virus (LAC) in mosquito pools. All three techniques were able to detect a single LAC-infected mosquito in a pool of 99 negative mosquitoes. Virus isolation was the most sensitive of the three techniques; it was possible to isolate virus immediately following intrathoracic inoculation of mosquitoes. RT-PCR was second in sensitivity; LAC RNA was detected 1 day postinfection. EIA detected LAC antigen 2 days postinfection. Additionally, RT-PCR and EIA were able to detect LAC RNA and protein, respectively, from mosquito samples which were subjected to seven freeze-thaw cycles, and RT-PCR was able to detect LAC RNA from mosquito samples which remained at room temperature for up to 7 days. Mosquito infection and pool construction. A. triseriatus mosquitoes were infected by intrathoracic inoculation with between 10 and 50 50% tissue culture infective doses of LAC, SSH, or TAH stocks (determined by titration in BHK-21 cells). Similarly, A. aegypti mosquitoes were inoculated with approximately 100 PFU of DEN 2 virus (determined by plaque assay in BHK-21 cells). All mosquitoes were held for 14 days unless otherwise noted. Following the extrinsic incubation period, mosquitoes were cold anesthetized, their heads were severed, and they were squashed on slides and examined by immunofluorescence (2). Immunofluorescence-positive mosquitoes were used individually or were added to various numbers of negative mosquitoes to construct pools consisting of 1 viruspositive mosquito in a total of 10, 50, or 100 mosquitoes (see Table 1 ) and were frozen at -70°C prior to processing.
Monitoring of vector populations for the prevalence of arboviruses is an important component of assessing disease risk to humans and animals. Surveillance for arboviruses includes the measurement of mosquito population densities and virus infection rates (13) . Virus isolation (VI) in bioassays, such as suckling mice and cell cultures, and subsequent serologic identification of isolates have classically been used to determine field infection rates in vectors. These techniques are time-consuming and expensive and require special facilities. Modern biotechnological assays are capable of providing a rapid diagnosis of arbovirus prevalence rates in vectors. Enzyme immunoassay (EIA) is a sensitive, specific, and rapid technique for the detection of viral antigens in mosquito pools even in the absence of infectious virus (7-10, 14, 17) . In addition, it requires little specialized equipment, making it a practical technique for use in the field. Detection of virusspecific nucleic acids is an alternative to virus isolation and/or antigen detection for arbovirus surveillance. The two principal approaches have been detection of analyte by hybridization and more recently by PCR. The latter is a more sensitive technique for the detection of arboviral nucleic acids in mosquitoes (12, 15) .
We report here the development of a reverse transcription-PCR (RT-PCR) assay for the detection of LaCrosse virus (LAC) analyte in mosquitoes. RT-PCR, VI, and EIA were compared for their abilities to detect LAC and/or LAC analyte in pools of Aedes triseriatus mosquitoes. MATERIALS Mosquito infection and pool construction. A. triseriatus mosquitoes were infected by intrathoracic inoculation with between 10 and 50 50% tissue culture infective doses of LAC, SSH, or TAH stocks (determined by titration in BHK-21 cells). Similarly, A. aegypti mosquitoes were inoculated with approximately 100 PFU of DEN 2 virus (determined by plaque assay in BHK-21 cells). All mosquitoes were held for 14 days unless otherwise noted. Following the extrinsic incubation period, mosquitoes were cold anesthetized, their heads were severed, and they were squashed on slides and examined by immunofluorescence (2). Immunofluorescence-positive mosquitoes were used individually or were added to various numbers of negative mosquitoes to construct pools consisting of 1 viruspositive mosquito in a total of 10, 50, or 100 mosquitoes (see Table 1 ) and were frozen at -70°C prior to processing.
Mosquito processing. Mosquito pools containing virus-positive and -negative mosquitoes were triturated with a mortar and pestle in 2 ml of field diluent (0.01 M phosphate-buffered saline [PBS; pH 7.5], 10% heat-inactivated fetal bovine serum, 250 U of penicillin per ml, 250 pRg of streptomycin per ml, and 2.5 ,ug of amphotericin B per ml). After centrifugation at 800 x g for 20 min at 4°C, the supernatants were immediately used for VI and were then stored at -70°C until needed for EIA. Mosquitoes designated for RT-PCR were stored at -70°C until RNA isolation. Antibodies for EIA. (i) Capture antibody. BALB/c mice were primed intraperitoneally with 0.5 ml of Pristane (2,6,10, ml] of clone 814-02, producing an immunoglobulin G2a monoclonal antibody against the nucleocapsid protein of TAH virus [6] ) were inoculated intraperitoneally 3 weeks later, and ascitic fluid was harvested after 2 weeks.
(ii) Detector antibody. Antibodies to LAC were prepared in rabbits as described previously (5), and purified immunoglobulin G was obtained from serum by DEAE Affi-Gel Blue chromatography (Bio-Rad, Richmond, Calif.) (11) .
Mosquito EIA. The mosquito EIA was similar in design to that reported previously (10 VI. The titers of individual and pooled mosquitoes were determined by a microtitration assay in BHK-21 cells as described previously (9) .
RNA extraction. Total mosquito RNA was extracted by the acid guanidinium thiocyanate-phenol-chloroform (AGPC) method described by Chomczynski and Sacchi (4) and Olson et al. (15) ; this was followed by a 3 M sodium acetate (NaAC; pH 5.2) wash. Briefly, individual mosquitoes and pools containing up to 10 mosquitoes were triturated in 500 of solution D (4 M guanidinium isothiocyanate, 25 mM sodium citrate [pH 7], 0.5% Sarkosyl, 100 mM 2-mercaptoethanol). Fifty microliters of 2 M NaAc (pH 4.5), 500 of water-saturated phenol, and 100 of chloroform-isoamyl alcohol (49:1) were added sequentially, and the components were mixed after the addition of each component. Samples were incubated on ice for 15 min and were then centrifuged at 10,000 x g for 20 min at 4°C. The RNA in the aqueous layer was precipitated with isopropanol, washed with 800 of 3 M NaAc (pH 5.2), washed with 70% RNAs extracted from pools of 1, 10, 50, and 100 mosquitoes were used for RT-PCR. One-tenth of the RNA extracted from mosquitoes was reverse transcribed with primer 1. One-tenth of the cDNA was used in a PCR that included primers 1 and 2 for the amplification of a 715-bp PCR product. One-sixth of the PCR mixtures was electrophoresed in a 1.5% agarose gel. Lane M, a 1-kb DNA ladder; lanes +, one LAC-infected mosquito within the pool; lanes -, pools of uninfected mosquitoes; lanes N and P, negative (uninfected mosquito RNA) and positive (LAC S-segment cDNA) controls, respectively.
and no specific product in the LAC-negative controls (Fig. 1) . All three techniques detected LAC in every pool size, with no false-positive results.
Sensitivities of RT-PCR, VI, and EIA. To determine the sensitivities of RT-PCR, EIA, and VI, mosquitoes were parenterally infected with LAC and were assayed at hours 0 and 10 and days 1, 2, 3, and 7 postinfection (Table 2) . VI was the most sensitive technique; virus was isolated from four of four LAC-infected mosquitoes immediately following inoculation. RT-PCR was second in sensitivity and detected LAC RNA in three of three LAC-infected mosquitoes 1 day postinoculation. EIA was the least sensitive and detected four of four LACinfected mosquitoes 2 days postinoculation.
Specificity of RT-PCR. The specificity of the LAC RT-PCR was investigated by analyzing individual mosquitoes infected with serologically related and unrelated viruses. RNAs extracted from three LAC-, SSH-, and TAH-inoculated A. triseriatus mosquitoes and three DEN 2-inoculated A. aegypti mosquitoes were reverse transcribed and PCR amplified as described above (data not shown). All LAC-, SSH-, and TAH-infected mosquitoes yielded a diagnostic 715-bp PCR product, as expected from LAC, while the 715-bp product was absent from the DEN 2-inoculated A. aegypti samples.
Elfect of freezing-thawing on LAC detection. Since mosquito pools frequently undergo multiple freeze-thaw cycles during the process of collection, mosquito identification, and VI, the effects of multiple freeze-thaw cycles upon RT-PCR, VI, and EIA detection of LAC were investigated. Individual positive mosquitoes which had been demonstrated by immunofluorescence to be infected with LAC were subjected to seven cycles of freezing to -70°C and were then incubated at room temperature for 1 h. Samples were obtained from freeze-thaw cycles 3, 5, and 7 (Table 3) . Virus was isolated in one of three mosquitoes after five freeze-thaw cycles, but could not be isolated after seven freeze-thaw cycles. Both RT-PCR and EIA detected LAC analyte after seven freeze-thaw cycles. Stabilities of RT-PCR samples. To determine the stability of AGPC-extracted mosquito RNA, individual LAC-infected mosquitoes were ground in 500 ,ul of solution D and were left at room temperature. Three mosquito triturates were transferred to -20°C after 1, 3, and 8 days posttrituration. RT-PCR amplification resulted in LAC-specific product in all of the samples (Fig. 2) .
DISCUSSION
Our studies show that RT-PCR compares favorably to VI and EIA for the detection of LAC analyte in A. triseriatus mosquitoes. All three techniques were sensitive enough to reliably detect a single LAC-infected mosquito in pool sizes as large as 100 mosquitoes, with no false-positive results.
VI proved to be the most sensitive of the techniques. Virus was isolated immediately following inoculation, while RT-PCR required 1 day and EIA required 2 days postinoculation for RT-PCR shares many of the attributes of ETA; the test is sensitive, specific, and capable of providing diagnostic results within hours rather than days. However, while the practicality and cost-effectiveness of EIA for routine surveillance is well established, they are unknown for the RT-PCR. Hence, the diagnostic efficacy of RT-PCR in clinical and field applications remains to be determined.
